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LOCATIOlSr 



The proposed hydro-electrio development considered in this 
report is to he oonstructed at Big Falls on the Flamheau River 
in Rusk County, Wisconsin, near the village of Ladysxnith* The 
site is in the northwestern part of the state near the Juncture 
of the Flamheau and Chippewa rivers • Ho towns of appreciahle 
size are situated in this vicinity, the closest town of over 
10,000 population heing Ashland, Wis*, which is about 90 miles 
north of the proposed site# 



Drainage Area 

The drainage area of the Flumheaji River lies in the north- 
ern part of Wisconsin within the glaciated area, which contains 
many small lakes and watercourses* The river flows southwest 
into the Chippewa River, the Jimcture heing in the southern 
part of Rusk County* This area includes £1E0 sq. ml* with an 
extreme length of 81 miles; and an average width of 27 miles. 
A map of the drainage area is shown in Plate I. 

Maximum and Minimum Discharge of the Flamheau River ; 

The data upon which the discharge of the Flamheau River 
was determined was talien at Ladysmith, Wis., hy the United 
States Geological Survey. The gauging station was estahlished 
in 1903 and was discontinued in 1906 giving complete readings 
for four years. The data was taken from 'Progress of Stream 
Measurements" for the ahove years. This data gave the gauge 
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height at the station or point of observation, in feet* A 
rating table acoompunying the observations gave the discharge 
in oublo feet per second corresponding to the different heights 
of the gauge. These discharges expressed in cubic feet per 
second were reduced to cubic feet per square mile of drainage 
area by dividing tgr the size of the drainage area or 2120 sq* 
mi. It was found by a study of this data that the year 1904 
was the year of minimum discharge and 1906 that of maximum 
discharge for the years for which such data was available. 

Per these maximum and minimuia years of 1906 and 1904 
hydrographs were plotted. These hydFOgraphs are curves on 
which the horizontal scale represents time subdivided into 
months and from this scale any day in the year can be located. 
The vertical scale represents the flow as computed in cubic 
feet per second per square mile of drainage area for each day 
of the year. Therefore, from these hydrographs the flow of 
the river for any dcy of the year in question can be deter- 
mined by reading the discharge as plotted and multiplying the 
flow so determined by the number of square miles of drainage 
area above the station. These curves also show the variation 
of the discharge for any period of time. These curves are 
shown on Plates II and III. 

For the minimum year of 1904, a duration curve was plotted. 
This curve shows for the given year the number of days on which 
a given discharge was noted. This curve was plotted to the same 
horizontal and vertical scales as the hydrographs, and is shown 
in Plate II. Per example: if one cubic foot per second per 
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square mile of drainage area is required, the curve shows the 
number of days on which this or a larger discharge took place. 
Therefore, the curve shows the duration of any given flow. 

Rainfall 

The primary source of stream flow is, of course, the rain- 
a 

fall and direct relation exists between the two, but there is 
no direct proportion which this relation follows; however, a 
careful examination of rainfall records together with the 
stream flow data tends to establish this proportion for the 
particular drainage area in question. Therefore, a study of 
the rainfall records will give a general understanding of the 
the flow of the Flambeau River when examined in connection 
with the hydrographs, and will give an indication of the rela- 
tion of rainfall to run-off to be expected in the future. 

The monthly rainfall was figured for the following gov- 
ernment stations on or near the drainage area: 

Ashland Prentice 
Barron Medford 
Butternut Weyerhuuser , 

Hayward Appollonia 
Lady smith 

The average for each montji for all these stations was taken from 
1889 to 1913 as far as the government data was complete. This 
data is included in Appendix A. The results were plotted 
using inches of rainfall as the vertical scale and months as 
the horizontal scale. These curves show the average monthly 
rainfall over the entire drainage area, and are shown in 
Plates IV to VII inclusive. 
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The daily rainfall for the same stations on the drainage 
area was figured and was suooessively added giving the ctunula- 
tive rainfall to date for eaoh day of the minimtiin year# This 
data is shown in Aopendix B. Then with the day of the year as 
the horizontal soale and inches of rainfall as the vertical 
scale, the dally cumulative rainfall was plotted, and is shown 
in Plate VIII. This curve shows for uny given date the total 
amount of rainfall during the year up to that day. 

From the hydrograph shown in Plate II, the daily discharge 
of the river in cuhic feet per second per square mile wae 
taken. Knowing the size of the drainage area, this was re- 
duced to depth of discharge in inches over the drainage area. 
These amounts were successively added giving a cumulative dis- 
charge in inches. This curve was plotted to the same co-ord- 
inates or scales as the cumulative rainfall curve, and is shown 
on the same Plate. 

The daily cumulative rainfall curve shows the amount of* 
rain that fell on the drainage area. The cumulative discharge 
curve shows the amount of water that was discharged from the 
river. Therefore, the difference in amount of these two curves 
represents the amount of rainfall that fell on the drainage 
area hut was not discharged hy the river; hence it was retained 
on the drainage area either in the soil or hy vegetation, or 
else it was lost hy evaporation. These differences were fig- 
ured and plotted on the same co-ordinates on Plate VIII, as 
shown hy the dotted curve. This gives a cumulative retention 




Digitized by 



Google 



curve showing direotly the difference in amounts between 
rainfall and runoff for the given period of time. 

Storage 

Due to the topography of the Flambeau River above the dam 
Bite, it is found possible to oonstruct a dam so as to impound a 
considerable amount of water • The quantity of water which can 
be impounded depends of course upon the height of the dam and 
the depth to which the water is drawn during periods when the 
stored water is needed to augment the natural river flow. As 
the water is lowered, the head will be reduced, which fact has 
been considered in all power calculations. 

Prom a study of the map of the pondage area which is shown 
in Plate IZ, it is seen that the dam may be readily built up 
to elevation 1£75, which, as the elevation of the river is 
1195, gives a maximum head of 80 feet. It was decided to make 
the minimum head 60 feet, thus operating between the limits of 
elevation 1£75 and elevation 1255, or 60 to 80 foot heads. 
This gives an amount of storage water that may be drawn off to 
augment low flow equal to the volume of water between eleva- 
tion 1255 and 1275. This volume of pondage was found by plan- 
imetering the pondage area and multiplying by the depth. The 
volume so determined was foiind to be 1,427,250,000 cu. ft. 

Having obtained the amount of pondage, it is necessary 
to find the number of horsepower hours which this volume of 
water will develop. The average head or fall of this pondage 
water will be 75 feet. Therefore, the horsepower hours due 
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to pondage 



= .lji4E7^25gj,O00.ou*ft*^x^75.ft*.x.6S 



33,000 X 60 



■ 3,380^000 H.P* Hours* 



Power Hydrograph 

The hydrograph for the minimum year of 1904 has also been 
prepared to show the aotual horsepower corresponding to the 
actual stream flow. The basis of this oalculation is the 
power delivered by turbines of 80$S effioienoy under a head 
of 80 feet. The power scale is placed at the right of this 
hydrograph and measures the available daily power in horse- 
power hours. (See Plate II). 

The method of determining the amount of horse power that 
may be developed is as follows: the horizontal dotted lines 
on the power hydrograph represent various horse powers. Where- 
ver the hydrograph lies above the given horse power line, there 
is enough water to develop this power, but where the hydro- 
graph lies below the line, there is not enough water flowing 
in the river to develop that amount of horse power. This de- 
ficiency must be made up by the storage which was found to 
be 3,380,000 horse power hours. How by measuring the area 
lying between the given horse power line and that part of the 
Hydrograph lying below the horse power line, the number of 
horse power hours necessary to make up the deficiency is 
found. Thus, for any particular power, the amount of storage 
necessaiy to develop this power can be found. This was done 
for various powers as follows: 




Digitized by 



Google 



7 



To develop 8,000 H. P. 

Required ?• houre of pondage • • • 3,510,000 
E. P« Hrs* of pondage available • . . 3,380,000 
To develop 7,000 H*P* 

Required hours of pondage • • • 2,880,000 

2. hours of pondage available • • 3,380,000 
To develop 6,000 H. P. 

Required E. P# hours of pondage • • . 2,440,000 
H. P* hours of pondage available . . 3,380,000 
Prom the above oaloulutions a development of 7,000 H* P» 
was decided on* This amount of power can be developed con- 
tinuously withftut an auxiliary steam plant. By constinicting 
the power hydrograph for 1904, these figures are based on the 
lowest year for which data is available • 



Study of Jlnod Conditions 

One of the most important factors in dam design is that 
the spillway or taint er gate section shall be of sufficient cap- 
acity. This means that this overflow section must be designed 
for the maximum flood • In order to make a determi^Jation of 
this maximum flood, a study of flood water conditions in the 
past on the Flambeau River as well as adjacent rivers is nec- 
essary^ This study extended over observations tal^en for a 
period of seven years, from 1903 to 1910 inclusive* The 
flood conditions of six rivers were observed, namely, Ihe 
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Flambeau, ChipDewu, Blaok, Wolf, Wisoonain, and Menominee* 
Knowing the maximum aiecharge for a given year on a oertain 
river, ae obtained from the government data, and knowing the 
drainage area of the river above the point at which this 
discharge obtained, it was possible to calculate the maximum 
flood flow in second feet per square mile of drainage area. 
This was done for each river for the given years • (For data 
see An^endix C.) The maximum flood flow occurring on any 
river for any year was that on the Black in 1905, when a flow 
of 17 • 5 sec* ft. per square mile was obtained. The maximum 
flood flow noted on the Flambeau was in 1906, which gave a 
flow of 5.2 sec* ft. per square mile. After a study of this 
data it was decided to design the tainter gate section for a 
flood flow of 10 sec. ft. per square mile. Although a flow 
of over 17 sec. ft. was noted on the Black, it is certain 
that like conditions could never obtain on the Flambeau as 
the small size and topography of the drainage area, which in- 
cludes many small lakes and tributaries acting as natural re- 
servoirs, limits the flood flow, and it is hardly possible 
that a greater flow than 10 sec. ft., which is twice as great 
as any previously noted, could ever occur. 

Design of Tainter Gates ; 

Assuming a flood flow of ten second feet, the total dis- 
charge will be 10 X £120 (drainage area) - 21,200 sec. ft. 
A certain part of this flow goes through the turbines that 
are delivering power, v/hich umount depends on the head. Under 
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flood oonditlone the head will be about 65 feet, and the amount 
of power being developed will be at least 4000 H* P*, or with 
QCffo efficiency at turbines, the discharge will correspond to 
a power of 5000 H. P. Thus the discharge will be 

— = 755 sec. ft- 

60 X 62.5 

The amount of water that will have to pass through the taint er 
gate section v/ill then be 21,200 - 735 or 20465 second feet# 

Tinder flood conditions the velocity of the water passing 
the taint er gates was figured to be 10 feet per sedond* 
Therefore to pass a flood of 20465 second feet, a cross sec- 
tion equivalent to or about 2050 sq* ft- is neces- 
sary- The tainter gates are to be ten feet in depth- Thus 

the length of the tainter gate section must be -§Q5Q- or 205 

10 

feet- It was decided to use fifteen 14* r 10' gates, which 
gives a length of 210 feet- 

Layout of Dam 

A large topographical map of the dam site was plotted up 
on which the layout was made- The tainter gate section as 
designed was laid out in tho middle of the stream, with the 
power house on the east bank and the log and fish way to the 
left of the tainter gates- (See Plate Z)- The dam proper will 
consist of a high head concrete gravity section the top of 
which will be at elevation 1280- At each epd of this section 
two earthen embankments with concrete core walls join on to 
the gravity section by means of concrete wing walls - 
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The oroBs section (Plate II) shows the elevation of the 
different sections and the elevation and slope of the ground 
and bed rock surfaces* 

Design of Daa - High Head Section 

The high head section was designed according to Wegmann's 
method of determining the theoretical profile. This method con- 
sists in determining at successive horizontal sections begin- 
ning at the top the necessary sice of section to fulfill con- 
ditions of stability* By this method, taking sections suffic- 
iently close, the profile may be determined with any desired 
degree of exactness* Sections 20' deep were taken in this 
case, and a ton width of 15' assumed* 

After the theoretical profile is calculated, a practical 
profile is fitted over it. For this practical profile see 
Plate XIII* The calculations for this theoretical profile 
are given on pages IC-a and 10-b* 

Design of Ylelr Section 

The overflow section under the tainter gates re^iuires a 
little special design as a crest of ten feet passes over it 
and it has a ten foot smaller head* For this overflow weir 
an Ogee section was determined upon* The object of this form 
is to guide the water smoothly over the dam, and to deliver it 
at the bottom tangentially with the stream bed* The cxrnvex 
curve to be given to a dun should be full enough to prevent 
the water from leaving the surface. Such a curve is a para- 
bola whose equation is y « s^g-^c^. (Taken from Turneaure & 
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Calculation of TtiEOfeETicAL Pic'onLe. 

"fyi First 3taqe. 

Assume top widfh to be 
Depth of which resultant pressure 
will cut the edge of the middle 
third '-axfq' . o= g = sloecific - 
gravity Z.4 , l^fZA - Z3. 9. Use 

5econa Stage. 




Take ZO' Sections. 
A-- VWTC^ -C 



T^nrto ^ ^ 

/67a + 7Z5 +Zt5 = ZblO 

^ll2(4mJU^f/5)=- 4Z 

n= (zAJ^-hl5XZ4:5i'i5^)^ tZ3X 15X75 ^ 
I5X 23 t- ISXZ^S 20 

ny^h . • OH. ^ 
Third 3toqe. 



- \/3000 -h 24-25 - ^<?.Z5- 37.(9' 

' 6/4 i-h(ZL-t'X) . 

= TY7/J.Ci37'3X8.Q5)- ZOXZ^ S ^ 3^0O 
6K740 -h ZO (ZXZ4..5t37) 6/60 



= .655 
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Fourth 5faqe 

y 24X20 ^v^^ ^eo V ? ^ 
=r Yff^OO t7400 - 06 =33' 

^ ex 135a i-ZO (2X37 i~33^ 

= -^lOQXIf, - -^1.4.00 ^ /5900 _^ L'^* 

eizo +2 54-0 jOjeeo 

Fifth 5foge, 

= yZT.eOO f- 19,-300 - 139=^ 65' 



^ 6XZZ54- r^O(2X53^S5) 

I3,5>Z4 f34Z0 ''^ 
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RuBBell's Publlo Water Supply.) This curve was calculated and 
plotted as shown in Plate XII. Knowing this curve, it was 
figured that a base of 65 ft# was ample to give stability to 
the dam under the given conditions. This base is further ex- 
tended by a concrete apron which is provided to take care of 
the scouring effect. This increases the length of the base 
to a total of 100 ft. For the details of this section as well 
as that of the earth section and cross section of the piers 
see Plate HII. 

ESTIMATE 

From the cross section of the layout (Plate ZI) and the 
•different dam sections (Plate- HII) the amounts of excavation 
and also the amounts of concrete and earth embankment were 
estimated. A detailed estimate of these quantities follows: 



Excavation 
1. East Core Wall, width 2' 
DEPTH : AREA : AY. AREA : VOLUME CU.YDS. 



STATION 



I 


: 14 


28 


1 ; 


14 ; 


: 28 


2 ; 


: 13 ; 


26 


3 i 


12.5 ! 


: 25 


4 


: 13.0 ; 


26 


4*50 


: 13 ; 


; 26 



28 
27 

25.5 
25.5 

26 

t a 1 - - 



104 

100 
94.5 
94.5 

.-4§ 

441 ou.ydB. 



2. East Wing Walls. 
20' long X 3' wide at base x ---g--- ( aver. depth ) 
« 780 ou. ft. 



Two walls » -^-f=^2Q- - 58 ou. yds. 
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3. High Head Section 



12 



STATIOU 


; AREA 


4 50 


240 


5 ; 


: 266 


6 : 


; 352 


7 


442 


8 ; 


; 429 


9 ; 


: 450 


10 ! 


: 371 


10+65 


I 405 


13-^60 


; 236 


14 


: 228 


15 


: 450 


16 


; 460 


17 ! 


; 370 


18 


354 


19 


; 360 


20 ; 


: 378 


21 


r 294 


22 


; 294 


23 ; 


: 280 


24 


234 


24 "f 76 


192 



AY2E. AREA 



253 ' 


445 






397 ! 


► 1470 


426 


1 1610 


440 


\ 1630 


410 


\ 1520 


388 




23£ • 


' 515 

w JL w 


339 * 


^ 1255 


455 


- 1685 


415 


1540 


362 ! 


• 1340 


357 = 


• 1325 


360 


1365 


336 


- 1245 


294 = 


' 1090 


287 " 


• 1025 


257 • 


950 


212 : 


' 586 



VOLUME 



Total 



22676 ou.yds, 



4. West Wing Walls* 
2/27 (20 X 3 X -iigi?-) « 51 cu.ydB. 



5# West Core Wall 



STATIOU i DEPTH : 


AREA 


24 ♦ 75 


: 12 ! 


: 24 


25 ; 


; 11 : 


: 22 


26 


; 11 ; 


; 22 


27 


: 10 : 


: 20 


28 i 


: 12 : 


: 24 


29 


; 11 


: 22 


80 


9 


! 18 


31 


; 8 ; 


; 16 



AREA : AV. AREA : VOLUME 




21 
82 
78 
82 
85 
74 
63 



Total 



4-85 ou. yds. 
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13. 

6. Bxoavation through Spillwuy 100' wide. 



STATIOK 



DEPTH 



ABEA 



AV. AREA 



70LUME 



10-»- 66 
11 
12 
13 

13 * 60 



7 
4 

4.5 

5 
4 



700 
400 
450 
500 
400 



550 
425 
475 
450 



712 
1570 
1760 
1665 



Total 



5707 cu.ydB. 



7. Power House 
1/27 X 125' X 45» x -i§-t_§t_ s 438O ou. yds. 



TOTALS. 



1. East Core Wall 441 ou.yds. 

West Core Wall 485 

East Wing Wall 58 

West Wing Wall 51 

High Head Section 22676 

Spillway excavation 5707 

Power House 4380 



33,798 ou.yds. 



25^ Rock Excavation 8450 ou.yds. 

75^ Earth Excavation 25350 ou.yds. 
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STATIOH : AREA : AV. AREA : VOIUMB 



5 

1 ! 

2 ! 

3 : 

4 ' 
4* 50 ; 


; 00 : 
: 80 : 
: 200 : 
. 440 

: 1000 ; 


40 
140 
320 

600 

880 ; 


148 
520 
• 1185 
2220 

: 1630 


24 ♦ 75 

25 
26 
27 
28 
29 
30 
31 


: 1000 : 
: 800 
: 520 : 
; 400 ; 
I 100 : 
: 50 : 
\ 25 : 
: : 


: 900 : 
: 660 : 
460 : 
: 250 : 

75 ; 

38 

: 12 


835 
2440 
1700 
925 
278 
140 
45 



Total.... 12066 ou.yds. 



AMOUHO) OF COIIORBTB 

1. Core WallB - 2' wide 



STATION ; USSETE 


: AV. DEPTH ! 


VOLUME 


I* 26 

2 : 

3 ; 
4 

4* 60 


: 12 
: 16 
: 19 
: 22 
I 26 


* 14 ; 

: 17.6 ; 

20.5 : 

: 24 ; 


; 78 

: 130 

: 152 
: 89 


24 ♦ 76 

25 i 

26 : 
27 

28 1 
28 t 50 : 


: 25 
; 24 
; 20 
: 16 

f 13 
; 11 


: 24.5 ; 

22 : 

\ 18 
: 14.5 

: 12 


46 

; 163 
: 133 
: 107 

44 



Total* e 941 ou« yds* 
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£. High Head Section 



16. 



STAIIOH 



ABM. 



AVER. iREA 



YOLDMB 



60 - 


471 


6 


: 5£0 


6 


; 660 


7 


. ■ 8£0 


8 


1 1020 


9 


: 1580 


10 


: 2300 


10* 66 


: 3100 


IS * 60 ! 


1 30£0 


14 


: £860 


15 ! 


; ££60 


16 ; 


; 1380 


17 ! 


; 1££0 


18 : 


: 960 


19 ! 


! 900 


£0 3 


; 780 


£1 : 


7£0 


££ : 


: 600 


£S : 


680 


£4 ; 


; 500 


24 f 75 J 


460 




917 
2180 
£740 
3410 
4800 
7360 
6500 



4350 
9600 
7100 
4810 
4040 
3440 
3110 
2780 
£440 
£190 
£000 
1330 



Total 



74997 ou.ydB. 



3. Wing Walla 

20 3C 2.5 X 30 - 1500 

£££ on. yds. 



4 e -1600.. 



£7 



4. Taint er Gate Section 

Hote: Bottom of section laid on level ezoavation. 
same length and section over all. 

Area of section - 3400 s^. ft. 

.... . .5*QS...ag. . 3,,,,, 



Therefore 
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18 piere. 
Vol. of 1 pier = 



Vol. of 18 piers 



6. Operating Platform 
Area of Section - Szl-*-lzl >4 sq. ft. 
Voltme « -l-f-§iQ- = 31 ou.yds. 



T0TAI8 

High Head Section 74,997 ou.yds. 

Core walls , 941 

Wing Walls, 2S2 

Welt Section £6,400 

Piers 1£,600 

Operating Platform 31 



115,191 ou.yds. 



16. 

5. Piers. 

average depth 103', 4* wide. 

4 X 4480 ---?-i-x 103 = 18930 ou.ft. 
£ 

» _i§-? 1§2§Q_ = 12,600 ou.yds. 
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COST B3TIMATB 



17. 



FROM a Btudy of amomits, local oonditione with regard to 
current prices, and such cost data as was available, the fol- 
lowing cost estimate was made up. 



Concrete 

High head section, 74997 cu.yds. @ |6.00 . 



Core Walls, 
Wing Walls, 
Weir Section, 
Piers, 



941 
Z&Z 
26100 
12600 



Operating Platform, 51 



Earth Bmhaxikment 



6 8.00 . 

& 8.00 . 

e 8.00 . 

e 8.00 . 

@ IS. 00 . 



$ 449,982. 
7,528. 
1,776. 
211.200. 
100,800. 
403. 



12,066 cu.yds. @ $.40 



Excavation 



Earth, 25,350 cu.yds. 6 $.35 ......... 

Hock, 8,450 cu.yds. & $1.50 ,. . 

Rock 

Timber Trestle - For log and fishway. 

M « 1(240 9 H) = 350(240 9x65) = 242,000 
242 M At $80.00 per M 



4,825. 

8,860, 
12,700. 



19,360. 



Power House 

120 X 50 X 45 = 270,000 cu.ft. 6 $.16 .... 43,200. 

Graad Total $ 860,634, 
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18^ 



TURBIHB AlID GEHERITOR SELECTIOH 



Saleotlon of thqi HxunTper of Unite 

The daelen of this plant calls for a deTelopment of 7000 
H* or approximately 5£00 kilowatts • It was decided to in- 
stall four 1200 K. W* generators which would give a total of 
4800 K. W. or very near the majcLmum available power, providing 
all were operated continuously* However, until a market is 
"built up, not more than three quarters of this amount of power 
will be sold, or about 3600 Z. W. This permits of one genera- 
tor to be used for a reserve unit. 

In all turbines the quantity of discharge, the speed, the 
power, the efficiency and the head on the wheel are closely 
related and vary in accordance with certain definite laws mod- 
ified by the design* of the turbine and the conditions under 
which it is to operate. In any particular case, the conditions 
are fairly well fixed, and the problem of turbine selection 
becomes one of finding some standard wheel which will best fit 
the given conditions. In this case where the turbines are 
direct connected to the generators, the generators must run at 
a given constant speed which necessitates the selection of a 
turbine that will give that speed. For the service for which 
the generators are to be put, a 60 cycle machiae will be used 
and a 1200 K. W. unit has been decided upon. Knowing these 
two conditions, the factor which will affect the operating 
speed of the generator will be the number of pairs of field 
poles. Following is a table of the speeds of a 1200 £• W. 
60 cycle generator for various numbers of poles: 
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19. 

Por 18 pairs of poles - - - - Speed 200 R. P. U. 



17 


208 


15 


225 


15 


240 


14 


257 


15 


276 


12 


SOO 


11 


527 


10 


560 


9 


400 


8 


450 


7 


514 


6 


600 



Knowing theee speeds at whioh operation may take place, 
it is necessary to find some wheel whose economical speed will 
correspond at least closely with one of these values, and then 
farther test that wheel out for its efficiency at the desired 
power outputs 

The power required for each unit is 1200 Z. , or 1600 
H* P* There will be two runners on each shaft, so that two 
wheels will he furnishing power to one generator, therefore 
the required power from each wheel will he 800 H* How know- 
ing the average head at which the wheel will operate, and the 
required power, the economical speed of the wheel may be found 
by substituting in the formula, K5 - n^ p/h^'^^ in which n is 
the speed, P the power, h the head, and K5 a constant which 
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so. 

is known for certain types ot series of wheels* By this form- 
ula the economical speed of a niimber of wheels were figured, 
having given their values of Kg# 

Make of Wheel Economical Speed IR.^.VL. 

Sampson 482 

Improved Sampson 565 

Smith-MoCormick 415 

smith 625 

Standard Trump 480 

Allis-Chalmers Type P 566 

Allis-Chalmers #1883 445 

T7ellman-Seaver-Morgan Co# 538 

James Leffel & Co. #1924, 552 

james Leffel & Co*, #1899 525 
Comparing this table with the allowable generator speeds, 
it may he seen that there are only two wheels that closely 
fit an allowable speed. These axe the Smith-McCormick to run 
at 400 R* ?• M., and the Allis-Chalmers #1883 to run at 450 
P# These two wheels were analyzed. 

Analysis of the Smith-McCormiok wheel 

p 3/2 

From the fonnula P = Kg h ^ , where D is the diameter 
of the wheel and Kg is a known constant, the diameter of the 
desired wheel to operate under the given conditions was found 
to be 25 inches. Then from a test on a Smith-McCormick wheel 
the efficiency, discharge, and horwepower curves were plotted. 
(See Plate ZIV)# These curves are plotted against jif, which is 
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the constant ratio of the peripheral velocity of the wheel to 
the spouting velocity of the water, and they show the actual 
efficiency developed, the power developed, and the amount of 
discharge for the wheel in question hetween the operating 
heads of 60 and 80 feet# Having given these curves, the horse- 
power efficiency curve may be plotted (See Plate 2IV) which 
shows for the two limiting heads the efficiency of the wheel 
at whatever amount of power it is developing* This curve fur- 
nishes the basis for the actual selection of the wheel. 

Analysis of the Allis-Ghalmers Co* #1885 wheel 

Following the same analysis, the diameter of the proposed 
wheel was computed to be 26"# In the case of this wheel a test 
was obtained from which the efficiency, horse power, and dis- 
charge ciirves had already been plotted. By means of these 
curves the efficiency horsepower curve was plotted directly, 
and placed on the same set of co-ordinates with the efficiency 
horsepower curve of the Smith -McCormick wheel for the piirpose 
of comparison* 

• 

Comparison of the Wheels 

In the Smith-McCormick wheel, the 80' head gives a lower 
efficiency than the 60' head* Also the maximum efficiency of 
this wheel comes at a power of about 600 H* P#, and by the time 
it has reached 800, the desired horsepower, the efficiency 
drops to 81^. The other wheel fits the conditions much better 
as at an 80' head and delivering a power of 800 H* P#, the 
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ordinary oonditions of operation, it has an efficienoy of 87^# 
Under "both heads and for practioally all oonditions, the Allis 
Chalmers Wheel has higher effioiencies than the Smith-MoCoimick. 

Prom the results of this analysis, the installation will 
consist of eight Z6^ Allis-Chalmers Type E, (#1883) tnrhines, 
two on a shaft, direct-oonnected to four 1200 K. W*, 60oyole 
16 pole generators • 
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APEBNDU "A" 23. 
MONTHLY RAIinPALL IH IHCHES FOB VARIOUS STATI0H3 



Legend ; 



Medford 


Station 


no. 


1 


Butternut - 


If 


ITo. 


S 


Hayward - - 


n 


Ho. 


3 


Ashland - - 


If 


Ho. 


4 


Barron - - 


If 


ITo. 


5 


Appolonla - 


ft 


Ho. 


6 


Prentice- - 


ff 


Ho. 


7 


Ladysmith - 


ft 


Ho. 


8 


Weyerhauser 


ft 


Ho. 


9 



YEAR 1889 



STAS. JM. :FEB. :MAB. :APH. :UAY. :JimE: JULY: AUG. :S£P!DiOG!r. :H07. :I)EC. 

:3.40i2.83:2.78 



1 : 

2 : 
ATer: 



.05:1.70:2.18 
: : : : .38:2.73:1.73 
:3.40:E.83:2.78: .21:2.21:1.95 



: YEAglggO 

"i"~»i7i9''iT55i776-i770-O8-4766-3743-67i7"J 

2 :i. 02:5. 42: :i. 68:3. 73:3. 77:6. 46:5. 76:4. 75:3. 12: .94: .39 

3» • • • • • t •3«45t tS«66* • 91 * 

AYER:1. 10:3. 49:1. 76:1. 64:4. 06:4. 14:4. 95:5. 13: 6. 31:3. 12: .88: .49 



Y&AR 1891 



:2. 13:2. 33:2. 23:2. 72 
:1. 11:1. 73:2. 05:1. 57 
: .85:2.28:2.42:1.46 
:1. 13:2. 23:2. 11:2. 14 



1 
2 
3 
4 

5 * * • * 
AVBR:1. 31:2. 14:2. 18:1. 97 



.46:3.99:1.75:2.63:2.78:3.65: .48:5.06 
.70:2.64: :2. 53:1. 71:2. 40; : 
2.15:1.91:3.33:1.81:1.93:2.16: .80:3.35 
1.34:4.57:1.51:3.26:2.86:2.72:1.68:2.81 
:2. 68:1. 86:1.42:1. 46:1. 90: .70: .52 
1.16:3.20:2.11:2.33:2.15:2.57: .91:2.94 



YEAH 1892 



1 
2 
3 
4 
5 

ATER 



1.35:1.57:1.10:2.03:6.60:9.50:4.85:2.03:1.91:2.38:1.25: .50 

.30:2.30:1.30: .30:2.15: ;::::: .56 
.51:1.71:1.43:3.10:4.00: :::::: 

1.24:1.49:1.87:2.90:4.96:2.41:3.03:4.01: .45:1.32:1.54: .44 

•26:1.73: .98:2.29:7.03:7.44:4.61:3.94:1.77:1.80:1.04: .71 

.73:1.76:1.33:2.12:5.19:6.45:4.16:3.33:1.38:1.83:1.28: .55 
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24. 

YEAR 1893 



STAS: JM. :FEB. :MAR. :iPR. -.MAY : JUHB: JULY: AUG. :SBPI:ODT. tHOY. :DBC. 



1 : .76:S. 26:1. 65:3.45:3.46:1. 98:£. 80:1. 57:E.14:3.00: .90:2.65 

2 : .44:1.34:1.67:2.52:3.88: :5.14:5.01:2.37 :3.77 : .70:2.26 

3 :1. 00:3. 00:2. 37:2. 05:2. 50:1. 25:6. 50:4. 12:2.24:3. 20: .65:1.73 

4 :1. 23:4. 10:2. 51:2. 76:2. 22:2. 68:3. 72:1. 32:1. 45:3. 20:1.49:1. 93 

5 :1. 23:2, 91:1. 75:4. 91:3.85:1. 25:3.28:3. 66:2. 85:3. 40: :2.05 

ATEB.' . 93:2. 72:1. 99 -3.14:3. 18:1. 79:4. 29 ':3.14i2. 21:3. 32: .94:2.12 



YEAR 1894 



1.10:1.30:1.95:4.07:4.66:2.59: .93:1.75:2.86:3.14:1.58 
.77: .27:3.23: ::::::: .90 
1.30: .80:1.90:1.70:4.59:1.14: .56: .72:1.66:3.78:1.29 
1.28:1.03:5.09:3.80:6.45*2.90:1.30:1.82:2.27:4.98:1.20 
1.68: .45:2.44:4.66:8.94:2.01:2.40:1.30:1.85:4.73:1.40 

1.23: . 67 !2. 92:3. 55 :6. 16:2. 16:1. 30:1. 37:2. 16 -.1. 66^1. 27 



YEAR 1895 



1 ! 


!l.47! 


: .35 


2 : 


:1.37! 


; .63 


3 ; 


; .92: 


: .33 


4 : 


:2,30; 


: .00 


5 : 


i .83: 


: .60 


6 


;1.35: 


: .10 


AVER: 


:1.37i 


; .34 



.34:1.05:6.08:4.93:3.86:3.19:3.32: .52 
.30: .38:6.15:5.38:4.31: :10. 0:2.1 

.54: .83:4.62:7.74:2.75:5.19: 6.5: .26 
•XX* •XS* • • • • • 

.48:1.68:3.03:4.87:4.93:1.7813.90: .26 

.53:1.53:3.90:4.36:4.95:1.52:4.99: .36 

.38i .94:4. 74^5. 46:4. 16:2. 94:5. 78^ .38 



1.84:1.28 
.28:2.03 
.82: .95 
:1.40 
.80:1.66 
.73:1.04 

.89il.39 



YEAR 1896 



.78: .95:2.61:5.22:4.10:6.15:3.18:2.33:2.45:3.06: .69 
.48:1.70:3.18:4.04: :9.45: : : : : 
.51:1.95:7.06:5.10:3.21:1.40:1.57:2.03:2.70:1.51:2.44 
.65: .75:4.30:3.62:1.75:1.71:1.00:1.27:3.64:3.22:1.20 
.20:2.04:5.38:5.70:4.35:2.96:3.94:2.18:3.82:6.74: .90 

.63:1.48:4.51:4.74:3.S5!4.34:2.42:1.95i2.85:3.93:1.28 



1 : 


;2.50 


2 


a. 54 


3 ; 


:2.40 


4 • 


: .70 


6 


il.OO 


AVER: 


•1.63 
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YEAR 1897 



S5. 



STAS: JAU. :PBB. :MAR. :APR. :MAY : JI31!E:JIILY: AUG. : SEPT: OCT. :]IOV. '.DEC. 



1 :1.0B: .66:8. 15:1. 54:1.45:8.12:5. £7:2.69:1.90:2. 45: .04: .40 

2 :1.36: .88:1.56: : :6. 54:11.1:1.31:2. 38:2. 01:1. 25: 

3 :1. 94:2. 28:3. 39: .31:2.34:5.81:5.00:4.30:3.00:3.06:1.34: .41 

4 :2.00: .80:1.60:1.05:2.07:4.41:8.21:3.39:2.86:1.67:1.06:1.20 

5 :2. 03:1. 75:2. 60:1. 86:2.07:6. 23:5. 54:1. 25:2. 93:1. 85:; .29: .30 

6 :1. 60:1. 40:3. 35: :::::::: 

A7BR:1. 64:1. 2912.46:1.14:2. 01:6. 22:7. 83:2. 57 !2. 61:2. 21*: .79*: .58 



YEAR 1898 



1 
2 
3 
4 
5 
7 

A7ER: 



.02:1.70:2.20 
.77:1.93:1.46 
.47: .98:2.65 
•80:1.80: .30 
.25:1.83:1.80 



.46:1.65:1.68 



1.66:1.18:6.85:2.25:2.30:1.95:5.50:2.45: 0.0 
.83:1.27: : : : : : .25: 
.56:5.07:7.18:1.40:2.60:1.23:5.19:1.60: .06 
.40:2.50:1.90: .55:2.20:1.60:3.40:1.40:1.75 

1.02:4.40:2.27:1.90:2.51: .98:4.64:1.00:0.00 
:4. 30:4. 97:2. 20:1. 66:1. 79:4. 27:2. 43: .11 

• ••••••• 

.89^3. 12:4. 63:1. 66:2. 26:1. 61:4.60:1.64! .64 



YEAR 1899 



1 
2 
3 
4 
6 
7 

AVER 



.80: .80:1.75:1.58 
.77:1.93:1.46: .83 
1.15: .89:2.44:1.48 
1.55:1.20:1.40:2.20 
.45:1.16:3.30:1.73 
.81:1.01:1.73:2.57 



:6. 40:5. 90: .75:3.80:2.80:4.50 
2l« 27 1 I 4 
:4.84:4.60:1.78i4.46 
:2.70:4. 37:3. 18:4. 42 
:3. 15:6. 70:2. 00:5. 87 
:7. 17:7. 75:3. 07:7. 40 



:2. 61:6. 53 
:3. 10:3.40 
; .65:4.26 
1:3.47:5.56 



.92:1.17:2.01:1.73:4.25:5.92:2.15:5.19:2.53:4.85 



•40:2.60 
: ^25 

1.50:1.25 
.30:2.30 
.95:2.02 

1.13:1.50 

• 

.85:1.46; 



YEAS 1900 



1 


: .85: 


:1.10 


2 


: .40: 


:1.30 


3 


:1.53: 


:1.50 


4 


:1.80: 


il.OO 


5 


:1.16: 




7 


• 4 

• 4 





AVER :1. 15 



l.SS 



.90:2.95:2.60:1.35:8.78:6.40:7.95:10.8: .65 
1.05: .96: .91:1.16:6.55:8.86:8.07:6.02:1.77 
1.66:2.45: .32:2.1 :8. 95:8. 36:7. 93 :5. 67: .71 

.48:2.50: .76:1.37:5.71:4.80:4.40:2.91:1.22 
1.19:1.11:1.71:2.20:7.70:7.64: :5. 40:1. 60 

.79:3.46:1.55:3.03:13.4:7.28: : : 

• ••••••• 

. 97 :2. 24:1. 29 il. 87:8. 51 17.22:7.09:6. 13:1. 07 
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YEAR 1901 



STAS: JM. :FBB. -.MAR. :APR. :MAY JUUE: JULY: AUG. :SEPT:OCT. :1J0Y. :DBC. 



1. : 


; .36; 


.35 


2 ! 


: .72; 


: .50 


3 ; 


: .94: 


: .48 


4 : 


: .37: 


: .39 


6 ; 


: .49: 


: .50 


7 






8 : 






AYBR; 


: .57; 


: .44 



1.75: .45 
2.30:1.45 
2.15:1.85 
2.81:1.36 
3.50:2.22 
: .90 
:1.28 



:3. 00:6. 65 
a. 42:5. 03 
:1. 07:5. 38 
:2. 00:8. 68 
:1. 82:5. 23 
:1. 31:5. 50 
: .48:5.10 



:4.75 
:5.41 
:4.00 
:6.44 
:5.10 
:6.14 
:1.21 



:1.80 
:5.29 
:4.40 
:2.33 
:1.70 
:2.80 
:1.07 



:5.95 
:3.37 
:5.47 
:3.37 
:6.55 
:3.71 
:4.40 



:2.80 
:1.90 
:1.33 
:2.00 
91.28 
:2.28 
:1.10 



:1 
:1 



.70: .50 
.60: .72 
.57: .53 
.42: .64 
.50: .40 
.22:1.20 
:1.20 



2.50:1.36:1.60:5.94:4.75:2.77:4.69:1.81: .83:. 74 



YEAR 1902 



1.00:1.60; 

.91:1.65; 
1.01: .22; 

.81:1.39; 
1.50: .26; 
1.50:2.20; 
1.95: .83; 



1.70 
2.09 
.40 
.45 
.86 
.73 
1.55 



:3.90 
:2.78 
:2.18 
:2.23 
:2.06 
:2.46 
:2.17 



:5. 30:2. 80 
:1.44:3.37 
:1. 28:5. 13 
:1. 66:2. 79 
:3. 63:4. 39 
:2. 45:6. 11 
:1. 96:3. 20 



:7.20 
:3.06 
:5.36 
:4.82 
:3.65 
:4.74 
:6.37 



:5.20 
:1.74 
:1.96 
:1.99 
:1.09 
:2.85 
:3.03 



:4.15 
:3.93 
:3.96 
:4.10 
:2.39 
:4.41 
:2.17 



:3.20 
:3.06 
:2.40 
:1.55 
: .68 
:3.01 
:2.61 



:5.30 
:2.98 
:2.42 
:2.69 
:4.30 
:4.77 
:4.17 



: .70 
:1.51 
:2.33 
:1.76 
:1.37 
:2.80 
:2.36 



1.17:1.16:1.11:2.64:2.53:3.95:5.03:2.55:3.59:2.36:3.80:1.83 



YEAR 1903 



1 ; 


: .20" 


: .20:2.35:3.96:8.25 


2 : 


: .75: 


:1. 64:3. 27:3. 61:8. 88 


3 : 


: .38: 


:1.22: .92:1.49:6.18 


4 : 


: .41: 


:1. 91:1. 98:2. 03:6. 77 


6 : 


: .59: 


; .40:2.52:2.44:5.86 


7 


: .45: 


: .60: : : 


8 


: .38: 


: .32: : : 


AVER 


• .45: 


* . * * * 

.90:2.21:2.70:7.19 



.90:7.40:7.30:9.50 
1.58:9.88:4.56:6.98 
1.78:5.88:5.06:6.35 

.93:6.55:5.39:5.22 
3.04:6.55:4.75:5.95 
: .80:4.47:7.12 



:4.70 
:3.00 
:4.95 
:3.29 
:3.20 
:1.61 
: .52 



: .90 
:1.26 
:1.48 
: .80 
: .50 
: .86 



: .50 
:1.27 
:1.05 
:1.11 
: .54 
:1.83 



1.65:6.18:5.25:6.85:3.04: .97:1.05 



YEAR 1904 



.42:1.10:1.51:1.69:4.60:7.15:2.21:4.43:4.25:4.76: .03:1.83 

.67: .50:2.05:1.29:2.30:3.50:2.88:6.56:3.18:4.59: .10:2.48 

.36: .81:1.13:2.67:2.60:4.72:3.45:4.00:5.60:5.73: .02:1.14 

.22:1.08:1.64: .97:1.09:3.47:3.43:2.94:4.09:5.89: .08:1.68 

1.25:1.40:1.14:2.20:6.55:8.45:6.15:5.51:6.76:5.61: .00: .90 

.20: .90:1.30:3.05:5.95:5.90:2.85:3.90:5.75:8.00: .40:2.90 

«•••«•••««• 

AVER: .52: .96:1. 46:1. 98:3. 85:*5. 54^3. 49!4. 56:4. 97:5.761 .21:1.82 
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YBASL 1906 



£7. 



STAS: JM. :PBB. :MAR. :iPR. :11AY : JUBE: JULY: AUG. :SEPT:OCT. rHOV. :DBC. 



1 : .60: .20:1. 75:1. £0:5. 35:16. 8:6.50:5. 60:3.92:1.36: .65: ,50 

£ :1.63: .44: .08: .33:4.47:10.4:4.88:6.34:4.44:3.45:2.66:2.05 

3 : .57: .37:1. 10:2. 14:2. 68:6. 66:4. 91:3. 54:3, 93:3. 07:£. 80: .30 

4 :1.34: .45: .77:1.98:3.13:8.10:2.47:3.48:6.58:3.42:1.80: .11 

5 :1.50: .50: .47:1.00:4.50:13.7:3.50:8.50:3.70:2.40:2.70: .00 
7 :1.00: .52: .28: ,85:4.17: 9.2:3.94:6.59:4.48:2.39:1.57:1.42 

• • • • •^•i/O* • • • • • • 

• ••««••••••• 

A7BR:1.09: .50: .86:1.25:4.12:10.7:4.37:5.6714.51:2.70:2,03:1.00 



YEAR 1906 



1 
£ 
3 
4 
5 
7 
9 



:1,80 
:3.38 
:2.00 
:1.37 
:3.20 
:4.35 



A7ER:2.68 



.20: .60:1.67:5.40:4.71 
.42:1.92:2.26:4.11:4.08 
.27:2.19:1.15:4.33:5.42 
.37: .90:2.12:3.59:4.43 
.40:1.00:2.58:7.45:3.84 
.30:1.10:1.41:3.51:4.45 



:3. 90:3. 65:2. 85:3. 56:1. 90:1. 20 
: .79:3.41:3.85:4.39:3.37:1.06 
:1. 53:4. 73:3. 45:3. 51:2. 57:1.35 
:2. 38:5. 30:5. 04:3. 03:2. 90:1. 71 
:3. 40:2. 90:2. 98:1. 20: .43:1.00 
:3. 41:4. 68:3. 50:3. 74:1. 76:1. 53 
: : : :1. 14:1. 88: 



.33:1.27:1.86:4.73:4.49:2.40:4.05:3.46:3.43:2.47:1.38 



YEAR 1907 



1 
2 
3 
4 
5 
7 
9 



: .70 
:1.80 
:1.33 
:1.12 
:1.30 
:1.46 
:1.05 



AVER:1.25 



•20: .60 
,70:1.52 
.75:1.38 
.73:1.86 

1.05:1.08 
.27:1.89 

1.64:2.31 



: .50:2.60:3.10 
:1. 06:2. 14:1. 89 
: .66:2.14:1.80 
:1. 94:3. 57:1. 54 
: .70:1.83:3.39 
:1. 66:3. 08:1. 96 
: .79:2.30:2.27 



:1. 50:3. 46:5. 10:* .90: .80* 

: : :8.91:i.l6: .68 

:2. 62:2. 28:8. 50: .47: .75 

:4. 10:3. 47:2. 99: .52: .49 
:2. 75:2. 50:3. 76: : 
:2.08:2. 05:4. 82:1. 17:1. 09 

:4. 10:2. 24:5. 72:1. 10: .90 



.76:1.49:1.05:2.52:2.28:2.84:2.81:5.68: .52: .74 



YEAR 1908 



AVER 



.70:1.85:1.10:2.80:5.08:4.19:4.30:2.63:3.60:3.07:2.14 
.67: .82:2.22:2.64:3.59:5.85:4.50:1.50:2.10:2.88:1.85 
1.39:1.42:1.78:2.67:6.54:2.48:4.91:1.19:1.86:2.42:1.35 
.60:1.00:1.75:4.05:3.85:5.64:2.56:1.61:1.46:3.08: .95 
.72: .86:2.02:2.79:4.23:5.00:3.51:2.47:2.40:1.39: .88 
.73:1.26:1.52:3.27:6.12:4.61: :1.35:1. 94:2. 85:1. 04 

• ••••••••• 

. 78 :1.20il. 73:3. 04:4. 90 -4.63:3. 30:1. 79:2. 23:2. 61:1. 37 



Digitized by 



Digitized by 



Google 



T&AR 1909 



28. 



STAS: JM. :EBB. :liaR. :APR. :MAy :JUHB: JULY: AUG. :3EPT:0CT. ;irOY. :DBC. 



1 : .05:1.50: .90:2.55:1.90:3.78:3.37:2.15:3.54:2.05:5.10:1.15 

2 : .43: : : : : :3.70: : :3.09: : .62 
S : .40:1.52: .59:3.02:2.92:2.75:3.55:3.83:2.25:3.87:4.42: .68 

4 : .56:2.10:1.00:2.55:4.38:3.04:8.70:4.14:2.93:1.83:2.47:. .94 

5 : .35:1.35: .80:3.61:2.60:2.56:2.96:4.08:4.27:2.54:4.18:1.24 
7 : .85:1.43:1.37:3.20:3.00: .86:3.60:1.90:2.51:2.45:4.52: .94 
9 :1. 01:1. 62:1. 67:3. 78:4. 78:3. 08:4. 23:2. 80:2. 23:1. 14:4. 06:1. 87 

• ••••••••••• 

AVER: .52:1. 59:1.05:3. 12:3. 26:2. 67^4. 30:3. 15:2. 95:2. 42:4. 17:1. 06 



YZAR 1910 



1 :1.05: .20: .10:4.45:3.85 

3 : .75: .90: .35:1.10:3.20 

4 : .96:1.01:0.00:1.78:2.76 

5 :1.19: .55:0.00: .90:2.17 
7 : .96: .77: .42:1.87:2.77 
9 : .97: .78: .18:1.14:2.81 

• • • • • 

AVBR: .981 .72: .17 :1.87 i2.93 



.92:2.51:5.18:2.00:2.10: .60: .80 
1.04:3.12:2.49:2.08: .80: .50:1.00 

.51:3.95:1.78:3.39:1.09:0.00: .82 

•74:2.21:1.80:2.07:1.54:1.40: .75 

.51:3.29:3.03:2.21:1.32:1.54: . 

1.91:3.83:2.44:2.69:1.26:1.03: .95 

♦ • • • • • 

.94:3. 15:2. 80:2. 51:1. 33-! .851 .86 



mR 1911 



1 : .95:1.10:1.20: .75:5.60:3.25:6.48:2.84:7.32:8.80:2.60:2.85 

3 : .96:1.10:1.55: .73:2.93:2.49:6.09:3.01:5.43:3.70:1.60:1.55 

4 :1. 00:1. 93:1. 07: .54:4.79:1.77:6.07:2.45:3.79:2.34:1.66:1.48 

5 : .86: .75: .88:1.27:3.68:4.37:3.90:2.79:6.75:7.26:1.39:2.13 
7 : : .75:1.57:2.02:4.53:2.07:4.69:1.71:4.47:6.87:2.27:2.34 
9 : .59: .81:1.43:1.12:3.85:2.64:4.58:2.13:7.04:7.08:2.22:2.30 

ATBR: .87:1.07:1.28:1.07:4.23:2.76:5.30:2.49:5.80:6.01:1.96:2.11 



omm 1912 



1 

3 
4 
5 
7 
9 



.30: .10: .40:3.88:6.62: .12:7.45:7.69:4.76:1.80 

.65: .45: .45:2.18:4.81:2.28:2.53:6.10:2.35: 

.36: .10: .17:2.64:5.34:2.27:2.13:4.76:1.00:1.14 

.40: .25: .35:2.90:6.98:1.28:5.13:8.57:3.39:2.59 

.37: .03: .40:3.37:8.59:1.44:7.02:7.20:3.91:2.16 

.74: .25: .62:2.67:7.01:1.27:4.50:8.27:3.56:2.21 



AVBR: .47: .20: .40:2.96:6.56:1.44:5.29:7.10:3.33:1.98 



.55:2.55 
.22:1.44 
.71:1.54 
.10:1.83 
.44:1.44 
.22:1.42 

• 

.37:1.70 
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29 



APPEHJIX "B" 

DAILY CUMULATIVE RAIUFALL FOR THE YEAR 
1904 



DATS 


DAILY 


CUMULATIVE 


: DATE DAILY 


CUMULATIVE 




PREO'H. 


PREC'U. 


: PHEC'ir. 


PREC'U. 


JAN. 1, 


0.0" 


O.O" 


: FSB. 1. 


• Oor 


.60," 


2. 


.00 


.00 


• o 


#06 


.56 


3. 


.00 


.00 


3f 


rsr\ 


.66 


4. 


.00 


.00 


• A 


r\r\ 
♦ UU 


.66 


5. 


.01 


.01 


, r" 


• UU 


.66 


6. 


.00 


.01 


6, 


• UX 


.67 


V, 


.02 


.OS 




• Uo 


.60 


8. 


. .00 


.OS 


' 8* 

Of 


• UU 


.60 


9. 


.00 


.03 




# UU 


.60 


10. 


.00 


.OS 


10. 


«UU 


.60 


11. 


.02 


.06 


11, 


• UU 


.60 


12. 


.04 


• 09 


12, 


• Ud 


.66 


13. 


.00 


.09 






.87 


14. 


.00 


.09 


14, 


• UU 


.87 


15. 
16. 


.00 


.09 


10, 


• UU 


.87 


.00 


.09 


16. 


• UU 


.87 


IV. 


.00 


.09 


17 1 


• Ub 


.93 


18. 
19. 


.01 


.10 


• 18 


• 07 


1.00 


.00 


.10 


• 19, 


.00 


1.00 


20. 


.00 


.10 


20, 


.00 


1.00 


21, 


.SI 


.41 


: 21, 


.03 


1.03 


22, 
23. 


.OS 


.44 


22. 


• 02 


1.05 


.00 


.»44 


: 23. 


.15 


1.20 


84, 


.00 


.44 


24. 
25. 


.02 


1.22 


25. 


.00 


.44 


.00 


1.22 


26. 


.00 


.44 


: 26, 


.05 


1.27 


27. 


.00 


.44 


: 27. 


.01 


1.28 


28. - 


.00 


.44 


28. 


.04 


1.32 


29. 


.00 


.44 


29. 


.07 


1.39 


SO. 


.00 


.44 : 








31. 


.01 


.46 ; 









Digitized by 



Digitized by 



GoogI 



so. 

DilLY CmraLATITE RAIHPALL FOR THE YEAR 1904 (Cont.) 



DArmj DAILY CUMULATIVE : tuts DAILY CUMULATIVE 
PBBC'H. PRBC»1I. : PRBC'IT. PREC'H. 



mR. 1. 


.00" 




! APPTT. 1 






p 


• 34 


1.7S 






P 7A 






1.76 




^on 


P 7A 


4 


.00 

• WW 


1.76 




.00 


P 7A 


5 


.00 


1.76 

.A. # 1 U 




• XC 


p ftp 


6. 


• 00 

• WW 


1*76 

J» . ■ w 


^ 6. 


no 


P 

C • OO 


7 


• 00 

• WW 


1.76 




on 


P AA 


Of 


• 00 

• WW 


1.76 


8. 


1 A 
• XO 


OA 


9 


• 02 

• WW 


1*78 


! 9. 


1 4 
• x^ 


^ • XO 


• 08 

• w w 


1^86 


T 


^OO 


'3^ 1 ft 
«?• xo 


11 


^01 

• wX 


1.87 i 

X • O f 


lit 


. Xo 


% 5?A 


IP 


.00 


1.87 


: 12. 


OO 




155 
14 

X*, 


• 01 

• wX 


1*88 

X • w 1 


xo. 


.01 
# L/X 






2.10 

Jhr • J»w 


14 

X* t 


• X7 


''5. RA 


15 


• 00 

• WW 


2.10 

• .kW 


15 

» Xc> , 


• 49 


4. OB 


16 
xo , 


.00 

• WW 


2.10 

. J»W 1 


t 16. 


.11 
. XX 


4 T A 
xu 


17 


• 00 

• WW 


2.10 

fc« • JbW I 


17 


.00 

• WW 


4 lA 
% • xo 


18 

xo , 

19. 


• 00 

• WW 


2.10 


18 

» xo , 

: 19, 


• 00 

• WW 




.18 


2.28 


• 00 


4.16 


20, 


.00 


2.28 ; 


: 20, 


• 00 


4.16 


21. 


.11 


2.39 


: 21, 
: 22, 


• 00 


4.16 


22, 


.00 


2.39 


.12 


4.28 


25. 


.00 


2.39 


: 23, 


• ffiO 


4.28 


24. 


.18 


2.57 


: 24, 
: 25, 


• 00 


4.28 


25, 


.02 


2.59 


• 00 


4.28 


26. 


.00 


2.59 


: 26, 


• 00 


4.28 


27, 


.00 


2.59 


I 27, 


• 00 


4.28 


28. 


.00 


2.59 


5 28, 
: 29, 


• 00 


4.28 


29. 


.01 


2.60 


• 00 


4.88 


30, 


.00 


2.60 


: 30, 


• 00 


4.28 


31. 


.09 


2.69 
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31. 



DAILY CUMULATIVE RAIITPALL FOR THE YB.^ 1904 (Cont.) 



SATE 


T\ ATT V 


OUMUliAilViS \ 




ATT V 


r*TTMTTT ArnTITTP 

uUMUliAlXYiS 


PREC i» • 


tsr\ T3> 1 Iff « 

PRiliO XI • i 


PREC ^ • 




MAY Xf 






V UJjUS X ^ 


• W 


f • XO 


2, 


• Uv 




^ f 


. cU 


f • OO 




on 


rfc • CO \ 


IT 


. OO 


1 • VO 


A 


no 

• Uv 


A PA « 


A 

4, 


1 AO 

X . uKJ 


Q AA 
<7 ^^O 


5, 






tr 

, 


• OU 


y • r O 


6, 


AO 






OA 

. Uo 


O AA 
04 


ft 

"f 


1 o 


A « 


■ , 




Q A A 
7 • OO 


p 
Of 


• OX 


A flA 


» O , 


OO 


Q AA 
7 • OO 




f\f\ 
• UU 


A OA 


> Q 


OO 

.uu 


Q AA 
V • OO 


10, 


on 


A AA 


\ xu , 


OO 

# uu 


Q AA 
7 • OO 


11 f 


r\o 


A PA 

OO ; 


\ XX , 


OO 

• uu 


Q AA 
V • OO 


12, 


• UX 


A AQ 


! X^ , 


OA 

.Uo 


Q OO 
V • yc 


13 1 




• XO 


1 XO , 


OO 

. uu 


O Q O 


14, 


r\f\ 


A 1 A 
• XO 


» 1 A 
» X4 , 


Oct 
• uo 


O OA 
•7 • 70 


lo. 


• UU 


A 1 A 
0«XO 


» 10 , 


OO 

. uu 


O OA 


16, 


oo 


ATA 
O • XO 


1 A 

» XO 1 


OO 

• uu 


O OA 
V • «70 


l' t 


on 


A 1 A 
O • XO 




OP 


Q QTt 
«7 • y f 


18. 


• UO 


A 1 A 
• Xo 


» 1 A 
» XO p 


OA 
. U4 


1 O Ol 

XU^UX 


19, 




0«Xo 


► 19, 




1 A At; 
XO^OO 


20 


.27 


5.45 


20 


• 02 


10.07 


21, 


.08 


5.55 : 


: 81. 


.01 


10.08 


22. 


.14 


5.67 


; 88, 


• 14 


10.88 


83, 


.83 


5.90 


\ 8S, 


• 90 


11.18 


24. 


.78 


6.62 : 


\ 84. 


.00 


11.18 


25. 


.33 


6.95 : 


: 85, 


.40 


11.58 


86. 


.17 


7.12 


: 86. 


.20 


11.78 


87. 


.00 


7.12 


\ 27. 


.00 


11.78 


28. 


.00 


7.12 


: 28. 


.26 


11.98 


29. 
30. 


.01 


7.13 


: 89. 


• 34 


12.38 


.00 


7.13 ; 


: 30. 


• 33 


12.65 


31. 


.00 


7.13 
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DAILY CUMULATIVE RAIHPiLL FOB THE YEiffl 1904 (Cont.) 



DATS 


DAILY 


CUMULATIVE : 
PREC'U. : 


DAILY 


CUMULATI 


PRBC'U. 


PRBC'U. 


PREC'U. 


JULY 1, 


.00 


12.65 i 




.01 


16.02 


2, 


.00 


12.65 J 


p 


.00 


16.02 


3. 


.78 


13.43 J 




.02 


16.04 


4, 


.27 


13.70 

•IV/ 


• a 


.07 


16.11 


5, 


.00 


13.70 




.00 


16.11 


6, 


.00 


13.70 


5, 


.24 


16.35 


7, 


.00 


13.70 


* ' 1 


.31 


16.66 


8. 


.41 


14.11 


» o 


.12 


16.78 


9, 


• 18 


14.29 


Q 


.91 


17.69 


10, 


.14 


14.43 

•J»^ • 


» lu 


.00 


17.69 


11. 


.02 


14.45 


» JLl. 1 


.00 


17.69 


12, 


.00 


14.45 




.47 


18.16 


13, 


.25 


14.70 




.00 


18.16 


14, 


• 22 


14.92 


14. 


.00 


18.16 


15, 


.00 


14.92 




.00 


18.16 


16, 


.00 


14.92 


* xw 


.04 


18.20 


17, 


.05 


14.97 


: 17 


.00 


18.20 


18, 


.14 


15.11 


: 18, 


.00 


18.20 


19 » 


.00 


15.11 


: 19, 


, .25 


18.45 


20, 


.03 


15.14 


: 20, 


.27 


18.72 


21, 


.02 


15.16 


: 21 


1.32 


20.04 


22, 


.06 


15.82 


\ 22, 


.00 


20.04 


23, 


.00 


15.22 


\ 23 


.00 


20.04 


24, 


• 00 


15.22 


: 24, 


.09 


20.13 


25, 


.17 


15.39 


: 25, 


.00 


20.13 


26, 


.13 


15.52 


5 26 


.00 


20.13 


27, 


.01 


15.53 


: 27, 


.00 


20.13 


28, 


.00 


15.53 


: 28, 


.23 


20.36 


29, 


.28 


15.81 


: 29, 


.04 


20.40 


30, 


.20 


16.01 


: 30, 


.01 


20.41 


31, 


.00 


16.01 


\ 31, 


.15 


20.56 
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33. 



DAILY CUMULATIVE RAIITPALL FOR THE IBiH 1904 (Gout.) 



DATE 



DAILY 
PREC'U. 



CUUULATI7E 
PREC'I. 



DATE 



DAILY 
PHEC'H. 



CU13ULATI7E 
PRSC*U. 



SEPT. 1, 
2. 
3, 

4. 

5. 

6, 

V. 

8. 

9. 
10. 
11. 
12, 
13. 
14. 
15. 
16, 
17. 
18. 
19. 
20, 
21. 
22, 
E3, 
24. 
25, 
26, 
27, 
£8. 
29, 
30, 



1.E6" 
.89 
.07 
.00 
.00 
.04 
.00 
.07 
.00 

;oo 

.00 
.00 
.27 
.03 
.00 
.00 
.00 
.00 
.02 
.00 
.00 
.00 
.52 
.78 
.06 
.00 
.04 
.59 
.00 
.00 



21.81" 

22.70 

22.77 

22.77 

22.77 

22.81 

22.81 

22.88 

22.88 

22.88 

22.88 

22.88 

23.15 

23.18 

23.18 

23.18 

23.18 

23.18 

23.20 

23.20 

23.20 

23.20 

23.72 

24.50 

24.56 

24.56 

24.60 

25.19 

25.19 

25.19 



OOT. 1, 

2, 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 

19. 

20, 
21. 

22. 

23. 
24. 
25. 
26, 
27, 
28, 
29, 
30, 
31 



• 01" 
.00 
.10 
.27 

• 00 

• 00 

• 80 
.49 

1.74 
.19 
.02 
.02 
.00 

•do 

.00 

• 00 
.00 
.18 
.52 

• 95 
.11 
.01 
.00 
.07 
.06 
.05 
.00 
.00 
.00 
.00 
.00 



25.20" 

25.20 

25.30 

25.57 

25.57 

25.57 

26.37 

26.86 

28.60 

£8. 19 

28.81 

28.83 

28.83 

28.83 

28.83 

28.83 

28.83 

29.01 

29.53 

30.48 

30.59 

30.60 

30.60 

30.67 

30.73 

30.78 

30.78 

30.78 

30.78 

30.78 

30.78 
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34. 

DAILY CUMULATIVE RAIIIPALL FOR THE YEAR1904 (Cont.) 





DAILY 


CUHULATI7B 


• DATE 

* 


DAILY 


CUMULATI" 


PREC'IT. 


PRECU. 


PREC'H. 


PREC»1I. 


irov. 1, 


.00" 


30.78" 


: DEC. 1. 


.00" 


30.95" 


2. 


.00 


30.78 


• 2. 


.00 


30.95 


3. 


• 00 


30.78 


: 3. 


.04 


30.99 


4. 


.00 


30.78 : 


• 4. 


.00 


30.99 


5, 


.00 


30.78 


• 5. 


• 00 


30.99 


6. 


.00 


30.78 


• 6. 


-.00 


30.99 


Vv 


.00 


30.78 


• V. 


.00 


30.99 


8, 


.00 


30.78 


' 8. 


.01 


31.00 


9, 
10, 


.00 


30.78 : 


: 9. 


.05 


31.05 


.03 


30.81 ; 


: 10. 


.06 


31.11 


11. 


.00 


30.81 


11, 


.16 


31.27 


12. 


.00 


30.81 J 


; 12. 


.11 


31.38 


13, 


.00 


30.81 


! 13. 


.00 


31.38 


14. 


.00 


30.81 J 


: 14. 


.00 


31.38 


15. 


.,00 


30.81 


; 15. 


.00 


31.38 


16. 


.00 


30.81 


: 16. 


.00 


31.38 


17. 


.00 


30.81 ; 


5 IV, 


.00 


31.38 


18. 


.00 


30.81 ; 


1 18. 


.08 


31.46 


19. 


.00 


30.81 ! 


: 19. 


• 09 


31.55 


20. 


.00 


30.81 3 


; 20. 


.10 


31.65 


21, 


.07 


30.88 ; 


; 21. 


.05 


31.70 


22. 


.00 


30.88 J 


; 22, 


.01 


31.73 


23. 


• 00 


30.88 ! 


! 23. 


• 02 


31.75 


24. 


.00 


30.88 ; 


i 24. 


.00 


31.75 


25. 


.00 


30.88 


: 25. 


.00 


31.75 


26. 


.01 


30.89 


26, 


.21 


31.96 


27, 


• 00 


30.89 


: 27, 


.12 


32.08 


28. 


.01 


30.90 : 


; 28. 


.70 


32.78 


29, 


.05 


30.95 : 


29. 


.00 


32.78 


30. 


.00 


30.96 : 


30. 

I 31. 


.00 
• 00 


32.78 
32.78 
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FLOOD ELOW DATA 



35. 



Year 1903 



xiXViiin 


IIT SEC. FmT 


TlTl ATT.T APT? AT3Ti> A 

S^U^E MILES 


^nr CT2I ^ 

FT./SQ.MIIB 


Chippewa 


51,750 


6.740 


7.7 


Flambeau 


10,800 


2.120 


5.1 


Black 


12.500 


2.050 


6.1 


WiBoonsln 


13,000 


3,100 


4.2 


Wolf 


4,500 


3,800 


1.2 


Uenomlnee 


10^500 . 


1.800 




Year 1904 


Chippewa 


33,000 


6,740 


4.9 


Flambeau 


7 , 500 


2.120 


3.5 


WlBooneln 


18,000 


3,100 


5.8 


IJenomlnee 


11,700 


1,.800 


6.5 


Year 1905 


Chippewa 


23,000 


6.740 


3.4 


Flambeau 


8,400 


2,120 


4.0 


Blaok 


14,000 


800 


17.5 


Wisooncin 


13,500 


3.100 


4.4 


Wolf 


6,900 


2,400 


2.9 


Uenominee 


9,500 


1,800 


5.3 



Digitized by 



Digitized by 



GoogI 



FLOOD gLOff DATA - (Cont) 



36. 



Year 1906 


RIVEH 


MAX. DISCHARGE 


DHAIITAGE AHEA 


FLOW - 


SEC. 


ITS SEC. FEET 


Sy^UABE lULES 


FT./ SQ, 


MI. 


Chippewa 


38,000 


6,740 


5.6 




Flaml^eau 


11,000 


2,120 


5.S 




Blaok 


5,000 


800 


6.3 




Wisoonsln 


16,000 


3,100 


5.2 




Menominee 


14,000 


1,800 


TVT 




Year 1907 


Chippewa 


59,000. 


6,740 


5.8 




Blaok 


8,700 


800 


10.9 




Wisoonsin 


12,000 


3,100 


3.9 




Wolf 


E,500 


970 


2.6 




Menominee 


15,000 


1,800 


8.3 




Year 1908 


Chippewa 


30.000 


6,740 


4.5 




Blaok 


7,000 


800 


8.8 




Wisoonsin 


13,500 


3,100 


4.3 




Wolf 


3,000 


970 


3.1 




liOnominee 


12,000 


1,800 


6.7 




Year 1909 


Chippewa 


27,000 


6,620 


4.1 




Wisoonsin 


12,000 


3,100 


3.9 




Kenominee 


5,700 


1,800 


3.2' 
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PLATES IV - VII 

CURVES SE07/I1IG AVBRAGB MOUTHLY RAIISTFALL 
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